Abstract. The research focuses on the thermo-chemical activation of Central Kyzylkum phosphorites for production of phosphoric mineral fertilizers of prolonged action. The optimal technological parameters of the process and presented the pilot unit description.
I. INTRODUCTION
At present Uzbekistan except cotton, exports more than 180 kinds of fresh and processed fruit and vegetable products to 80 countries. In terms of exports of apricots, plums, grapes, nuts, cabbage and a number of other fruits and vegetables, Uzbekistan is among the top ten global suppliers.
To increase the yield of agricultural crops, it is of great importance to introduce into the soil the elements necessary for the growth and development of plants in the form of mineral fertilizers. Production of the latter is one of the most important branches of the chemical industry.
In 2017, the enterprises of the chemical industry of Uzbekistan produced (based on 100% of nutrients N, P2O5, K2O) 885.1 thousand tons of nitrogen fertilizers, 155.4 thousand tons of phosphorus and 168.0 thousand tons of potassium fertilizers. This year, the construction of the second stage of the Dehkanabad potash fertilizer plant is being completed and its total capacity is 360 thousand tons of K2O per year. The demand for agriculture will be met not only in nitrogen fertilizers, but also in potash fertilizers.
The most difficult situation is with phosphorus fertilizers. The industry satisfies the need of agriculture only by 27%. This implies that in Uzbekistan it is necessary to increase the production of phosphorus fertilizers.
II. EXPERIMENTAL
One of the rational ways to increase the production of phosphate fertilizers, in our view, is the thermochemical processing of low-grade high-carbonated phosphorites of the Central Kyzylkum with additions of alkali metal salts of potassium and sodium. In this case, products are obtained, socalled thermophosphates -possessing a high content of assimilable phosphorus, potassium and calcium, prolonged action. They are products formed by fusion or sintering of natural phosphates with alkaline salts at temperatures of 1100-1200 °C. Depending on the amount of alkali salt and other conditions of thermal processing of phosphates, a number of compounds with different compositions and different solubilities arise. On the one hand, phosphates are formed, soluble in a weak solution of 2% citric acid, on the other -phosphates, soluble in water. The content of the water-soluble compound in thermophosphates varies widely from a fraction of a percent to almost complete conversion of the phosphoric acid of the starting phosphate to the water-soluble form.
The authors [1] obtained thermophosphates by sintering apatite with soda, phosphorite with soda and phosphorite with sodium sulfate and charcoal. A study of the apatite-soda system showed that 72.31% of P2O5 apatite is converted to water-soluble trisodium phosphate at a ratio of 100 v/h. apatite by 90 c.w. soda with a sintering time of 60 minutes and a temperature of 1200 °C. In the phosphorite-soda system, the highest conversion factor of phosphorite to trisodium phosphate (70%) was obtained at a ratio of 90 cps. soda for 100 hp. phosphorite. In the system phosphorite-sodium sulfate-coal at a ratio of 100 v.ch. phosphorite at 120 vol. sulfate and 39 wp. coal 81% P2O5 of the original phosphate is converted to a water-soluble trisodium phosphate. The process of formation of trisodium phosphate begins at a temperature of 800 o С and reaches the highest value at temperatures of 1100 -1200 o С, making 71.4 to 74.6% P2O5 in water-soluble form.
Thermophosphates obtained with a molar ratio of Na2O: P2O5 = 1: 1, contain only citric-soluble phosphate, calcium oxide and sodium fluoride. Moreover, citric-soluble phosphate is calciumsodium phosphate CaNaPO4. When the Na2O: P2O5 ratio is increased from 2 to 3 and higher, citricsoluble phosphate is always obtained along with the water-soluble form of phosphate.
Thermophosphates were obtained in [2] by sintering apatite concentrate with sodium and magnesium sulfates. When sodium sulfate is used, the optimum process conditions are as follows: composition of charge per 100 wt. apatite 60 vol. Na2SO4 and 30 vol. carbon; temperature in the range of 1100-1200 o C; sintering time 30 min; rapid cooling of the cake to a temperature not exceeding 400 ° C. The product thus contains 22.15% citric-soluble P2O5. Optimal conditions for sintering apatite concentrate with magnesium sulfate are temperatures of the order of 1200 o C, duration is 30 minutes. and rapid cooling of the product in water. During the sintering process, an exchange reaction takes place between apatite and magnesium sulfate. The thermophosphate contains calcium magnesium phosphates and gypsum, and the amount of the lemon-soluble form of P2O5 in it is 20.65%. In the presence of coal, magnesium sulfate does not react with apatite.
In the laboratory, we also studied in detail the process of the thermoshell activation of phosphorite flour from the Central Kyzylkum in the presence of quartz sand, soda ash, potassium carbonate and potassium chloride [3] [4] [5] .
In this article, we present the results of work on a laboratory model installation, on which the optimal parameters of the technological regime have been determined and a principal technological scheme has been proposed.
The process of obtaining thermophosphate fertilizers consists of the following main stages: 1. Preparation of a mixture of phosphorite flour, soda ash (for the preparation of phosphoric calcium fertilizers), potassium carbonate (in the preparation of phosphorus-potassium-calcium fertilizers) and quartz sand; 2. Moistening of the mixture and preparation of charge; 3. Firing of the obtained charge and cooling.
To carry out the experiments, the ordinary phosphorite flour (FM) of the Central Kyzylkum composition (weight%) was used: 16.53 P2O2; 46.65 CaO; 15.3% of СО2, soda ash produced by Kungrad Soda Plant, potassium carbonate, and also SiO 2 xH 2 O of "chemically pure" grade.
The experiments were carried out as follows. Initially, in a certain amount, the initial substances were weighed with laboratory weights with an accuracy of 0.01 g. The weighed components were thoroughly crushed in a porcelain mortar and sieved on a No. 1 sieve. From the components obtained, batch materials were produced. Then, tablets with a diameter of 50 mm and a height of 10-15 mm were formed from the prepared charge in a hydraulic laboratory press at a pressing pressure of 35-40 kg / cm 2 . The molded laboratory samples were naturally dried at room temperature 25-30 °C during the day. Then the samples were dried in a drying oven at a temperature of 105-110 °C for 2 hours.
The dried laboratory samples were heat treated in a laboratory oven for 2 hours at different temperatures (900 to 1250 °C). After aging, the heat-treated samples were subjected to a sharp cooling. For this, the samples were taken out of the oven using forceps and sharply lowered into a metal vessel with cold water. After the quenching process, the samples were dried at a temperature of 60-80 ° C in a thermostat.
III. RESULTS AND DISCUSSIONS
The dried heat-treated samples were ground and analyzed by a known technique into various forms of phosphorus and calcium [6] . The composition of fertilizers is given in Tables 1 and 2 . The data of the table show that the compositions of fertilizers obtained in the model installation and in the laboratory conditions are very close. After that, experiments were carried out for 3 days to produce an experimental batch of fertilizers with the optimal composition and to establish the technological parameters of the thermophosphate preparation process. Experimental batch of fertilizers was transferred for agrochemical tests. Based on the conducted laboratory studies and a series of experiments on the model unit, the main indicators of the technological regime for obtaining a complex mixed mineral fertilizer were developed, and the laboratory process regulations were also recommended. .17,0-19,0 СаОtot ……………………………………………………………...48,0-50,0 P2O5усв……..………………………………………………………..11,0-16,0 СаОусв ……………………………………………………………....36,0-44,0 On the basis of laboratory experiments, we developed a basic technological scheme for the preparation of phosphorite flour, as well as the process of its alkaline activation of phosphorite with potassium salts by calcination. The diagram is shown in the figure. 1-drum mill; 2 -feeder; 3 -raw material bunker; 4 -air-permeable separator; 5 -the filter; 6 -cyclone; 7 -auger; 8 -bunker of phosphate raw materials; 9 -blower: 10-15 -air ducts; 11-14 -the material pipeline; 16-roll press; 17 -rotary kiln for firing.
Preliminarily ground phosphorite ore is fed to hopper 3, from which feeder 2 is fed to a dry grinding drum mill 1. Air is fed to the mill 1 through a pipe 10 by means of a fan 9; it passes through the drum of the mill, picks up small particles of phosphorite ore and carries them through a pin from the opposite side of the drum through pipe 12 to separator 4.
Here, large particles of the solid phase are separated and through the pipe 11 they return to the grinding mill and the small ones are transported by the gas flow through the pipe 13 to the cyclone 6, from which the screw 7 is carried to the hopper of the phosphate raw material 8. The gas liberated in the cyclone from the bulk of the solids is sucked off fan and partially returns to the cycle. The main part of the gas is released into the atmosphere through a baghouse filter 5, which is installed on the exhaust line to trap phosphorite flour and not poison the environment.
In the hopper 8, the calculated amount of potassium (sodium) salt, quartz sand, is fed, which are mixed with finely ground phosphate raw materials. A mixture of phosphorite flour and salt is fed to the roller press 16, from there it is fed to the rotary kiln 17. Here, the press is fired and, in the end result, citric-soluble phosphate-renenite is formed in the reaction mixture. The final product of roasting -calcined thermophosphate after firing enters the instant cooler and then goes for processing.
IV. CONCLUSION Thus, on the basis of laboratory investigations and experiments carried out on a model installation, it has been shown that phosphorus-calcined and phosphoric-potassium-calcium fertilizers such as thermophosphate can be obtained from off-balance phosphorite ores. Fertilizers are not hygroscopic and do not cake.
